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The Umm Nar area is covered by three 
tectortostratigraphic units: 1) metasediments and BIF, 2) 
ophiolitic melange, and 3) "Shaitian" sheared granite. 
These units are intruded by grey granites, younger gabbros, 
pink granites and basic and acidic dykes. The 
metasediments are subdivided into two stratigraphic zones: 
a lower zone of paraschists (mica and ampniloble schists) 
and marbles and an upper zone consisting mainly of BIF 
and mica schists which grade laterally into or intertongue 
with pebbly schists intercalated with quartzite bands. The 
ophiolitic melange unit consists of allochthonous oceanic 
and continental fragments embedded in a fine-grained and 
pervasively sheared matrix of graphite schists, talc 
carbonates and serpentinites with less abundant slate, 
phyllonite and chlorite schists. Dismembering, tectonic 
mixing and transportation are the essential processes in the 
formation and deformation of the melange rocks. The 
metasediments and melange rocks bear evidence of four 
phases of deformation including thrusting and folding, 
associated with mega-, meso- and micro-structures of 
different styles and attitudes and^ sequential stages of pre-, 
syn- and post-kinematic crystallization t of minerab. The 
oldest phase is manifested by rootless intrafolial folds that 
are encountered within iron ore bands and a bedding plane 
parallel schistosity (Sj//S ). During the Pan-African 
tectogenesis, the melange rocks were thrust over the 
metasediments and BIF, and both units were subsequently 
folded and deformed. These two units were thrown into 
NW-SE oriented major overturned anticlinal and synclinal 
folds which in turn were thrust (from the ' present SE to NW) 
onto the Shaitian" sheared granite. The last phase of 
deformation, represented by NNE-SSW oriented open 
folding, affected the three tectonostratigraphic units. 



The original sedimentary fades, composition and 
structures, degree of metamorphism, tectonic setting and 
style of deformation of the metasediments and BIF led to 
the conclusion that they belong to pre-? an- African shelf 
deposits accumulated along an old continental mamn and 
were regionally metamorphosed up to the low ampliibolite 
fades, prior to the thrusting ofophiolitic melange. 



, INTRODUCTION 

The Egyptian Precambrian iron formation (BIF) and the host 
metavolcanics or metasediments constitute widespread and easily recog- 
nizable sequences at 134 localities distributed in the Central Eastern Desert 
(CED) between latitudes 25 e IT and 26° 31'N. These BIF sequences are 
considered, in the recent literatures, to be genetically related to Pan-African 
weakly metamorphosed island arc assemblages (Late Proterozoic) which are 
often associated with ophiolitic melange rocks. However, the understanding 
of the environment of deposition and geologic setting of each BIF-bearing 
seauence is very important to unravel the origin of the related BIF facies as 
well as its genetic relationship with the complex history of the Pan-African 
rock assemblages. Therefore, one of the largest iron formation occurrences, 
namely Umm Nar (Fig. 1), is selected to clarify the geologic setting and 
mode of occurrence of the BIF facies and the associated rocks. The BIF 
sequence and the associated rock units of this area, their tectonic style, 
structural characteristics, metamorphic grade, lithologic associations and 
paragenesis, considering the modifications caused by metamorphism and 
deformations, are examined and discussed. Accordingly, a clear picture of 
the mode of formation and' deformation history of the BIF and the host 
metasediments of this area and their tectonic relation with the associated 
rock units (i.e. melange rocks and "Shaitian" sheared granite) can be 
deduced. 

Geological, structural: and petrographical studies of Umm Nar iron 
ore deposits are included in the publications of Akaad and El Ramly (1963a), 
El Ramly et al. (1993), Ramsy (1968), Abdel Wahed (1977), El Manawi 
(1991) and El Aref et al. (1963). Two main genetic models have been 
postulated for the Precambrian Egyptian BIFs including the Umm Nar 
occurrence: 1) a purely sedimentary origin during the accumulation of the 
Precambrian geosynclinal sediments (El Shazly, 1957, Shukri et al., 1959, 
Ramsy, 1968), and 2) a volcanogenic origin related to submarine magmatism 
and hydrothermal activity of Pan-African island arc assemblage (Bishara and 
Habib, 1973, Ivanov et a I., 1973, Garson and Shalaby, 1976, Sims and James, 
1984, El Gaby et al, 19S8, Hussein and El Sharkawi, 1990). El Gaby et al. 
(1988) reported that the BIF and base metal sulphides of the Egyptian 
Eastern Desert (ED) occur exclusively in the Pan- African islana arc 
assemblage and are of equivalent facies, where the iron oxides represent 
shallow snore environment to the north and the sulphides represent deeper 
euxinic environment to the south; Umm Nar BIF displays transitional 
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Fig. 1 Geological map of Umm Nar area, modified after Akaad and El Ramly 
(1963a). Encircled numbers mark locations of melange fragments too 
small to represent on the map. 
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GEOLOGIC SETTING 

The study are (Fig. 1) is a part of the Arabian Nubian shield which 
constitutes the northeastern sector of the Pan-African (650-550 Ma; Clifford, 
1970) tectonic belt. It is bounded by latitudes 25" 12' to 25* 21'N and 
longitudes 34' 12' to 34 s 21'E. The BIF of this area is closely associated 
with a widespread and thick succession of shelf deposits that were regionally 
metamorphosed up to the amphibolite fades, prior to the thrusting of 
ophiolitic melange and the successive deformations of the Pan-African 
episode. In this area, the metasediments and BIF succession together with 
melange rocks and sheared granite ("Shaitain" granite) constitute three 
tectonostratigraphic units separated by thrust faults (T, and T 2 ; Figs. 1, 2 and 
3 a,b,c). The discrimination of the three tectonostratigraphic units is based 
upon their tectonic style, structural trend, metamorphic grade and Hthologic 
association of each unit. They are intruded by grey granites, younger 
gabbros, pink granites and basic and acidic dykes. 

The three recognized tectonostratigraphic units bear signs of different 
deformation phases, that were generated before the emplacement of syn- to 
iate-orogenic Pan- African granitoids. The ophiolitic melange was thrust over 
the underlying metasediments and enclosed BIF along an old thrust (T.). 
These two units were thrown into steep overturned anticlinal and synclinal 
folds with axes trending NW-SE and plunging NW. The "Shaitian" sheared 
granite acted as a passive margin or swell during the thrusting and folding 
phases. A young thrust (T,) carried the accreted and folded melange rocks 
and metasediments with BIF over the "Shaitian" granite. The two folded 
units together with the underlying sheared granite were affected by a major 
open fold trending NNE-SSE. Dynamic metamorphism is prominent along 
the decollement surfaces leading to the formation of sheaths of talc 
carbonates and chlorite schists along the older T. thrust and fine-grained 
mylonites along the younger T 2 thrust. 



LITHOLOGY OF THE THREE TECTONOSTRATIGRAPHIC UNITS 

Metasediments and BIF 

Tbis unit comprises different types of schists intercalated with groups 
of iron ore bands forming together a major overturned anticlinal fold. The 
metasediments constitute a succession of ancient pelitic and calcareous 
sediments and sandstones now transformed into different varieties of mica 
schists, amphibole schists, marble and quartzite as a result of low to medium- 
grained regional metamorphism. Bedding is the main primary structure 
inherited from the parent sediments, reflecting the difference in the original 
composition of the alternating bands. For the detailed studies of the 
lithological variations of this unit, samples were collected along four 
principal traverses nearly perpendicular to the strike of the sedimentary 
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succession (Fig. 4). The four profiles were selected to include the whole 
range of stratigraphic and Hthologic variations of this unit. The whole 
succession can be subdivided into two conspicuous Hthologic zones. The 
lower zone, 140 to 260 m thick, occupies the core of the major overturned 
anticline and includes successions of strata consisting of mica and amphibole 
schists with less predominant marble intercalations. The mica schists form 
low to moderate relief outcrops depending on the degree of weathering. 
They are fine to medium-grained, and have a variegated colour and a silvery 
luster. They may contain augens of quartz reaching up to 5 mm in diameter. 
The amphibole schists form higher relief and are generally hard, medium- 
grained and contain dark brown garnet porphyroblasts. Marble is of limited 
distribution and is only recorded in the western side of the northern limb of 
the major anticline. The marble bands are rhythmically alternated with 
bands of amphibole and mica schists forming a zone of about 20 m thick. 
They have sharp contacts against the surrounding rocks and exhibit minor 
folding. The upper zone, 75 to 300m thick occupies the crest and the flanks 
of the anticline and extends along the northern limb for a distance of about 
7.5 km. It consists mainly of stratiform BIF layers intercalated with mica 
schists and less abundant amphibole schists. The iron ore occurs as separate 
bands or in groups varying in thickness from a few centimeters to a maximum 
thickness of about 5m at the crest of the anticlinal fold, where they can be 
traced for a long distance. The iron ore bands within a single group are 
separated by thin intercalations of biotite schists, while amphibole schists are 
recorded between the iron ore groups. 

The BIF bands show rythmic lamination (varve-Iike), cross lamination 
and a flaser structure. The thickness of the iron bands decreases gradually 
from the crest towards the anticlinal limbs, along which the iron ore forms 
small and separate lenticular bodies. At section D, the BIF is completely 
missing and the upper zone of this section is made up mainly of repeated 
alternations of biotite schist, pebbly biotite schist and quartzite banas, with 
individual bands up to 20 cm thick each. Westwards, these intercalations 
grade laterally into and intertongue with the BIF bands and the associated 
schists. The enclosed pebbles are of variable sizes and made up of granite, 
marble and quartzite. They are highly stretched and flattened snowing 
elliptical cross-sections and are usually aligned parallel to the bedding of the 
host rocks. 

The mica and amphibole schists and the associated BIF are 
intensively cataclased along the thrust contact with the melange complex. 
The northern inverted limb of the overturned anticline and the thrust contact 
are intruded by massive grey granites, best seen along W. Abu-Karahish and 
W. Mubarak. The intrusive granite contains a large number of rafts and 
enclaves of schists which are mainly oriented in a E-W direction. The 
internal schistosity of these rafts is generally parallel to the general foliation 
trend of the intruded metasediments. 

Ophiolitic melange 

In the previous geologic maps of Akaad and El Ramly (1963 a), El 
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Fig. 2 Cross-sectional profiles A-A' and B-B' (location in figure 1). T, = Thrust 
contact between the metasediments with BIF and the melange unit; T, = 
Thrust contact between the folded metasediments and melange rocks and 
the sheared granite; 1= "Shaitian" sheared granite, 2 = Metasediments 
(lower zone); 3= Metasediments (upper zone, BIF bearing zone); 4= 
Mlange rocks; 5= Grey granite; 6= Fink granite. 



Fig. 3 3 a.b: Field photograph and explanatory sketch showing the T. thrust between 
ophidine melange (OM) and metasediments and BIF (MS). PGr = Pink 
granite of Gabal Abu Diab. 3c: Field view showing the T, thrust contact ■ 
between ophiolitic melange (OM) and sheared granite (SGr). 3d: Isolated j 
block of metagabbro surrounded by talc carbonate, Wadi Umm Nar. / 
Photo looking SW. 3e: Fractured granite fragment surrounded by highly • 
sheared matrix, north Gabal El Maiyit. Photo looking N. 3f: Very tight F, i 
fold of BIF included within the bedding foliation of nuca schist. Photo . 
looking NW. 3g: F, microfolds superposed on Sj schistosity and associated 
with S 2 secondary foliation. 
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• Ramly (1972) and Dardir et al. (1989) the ophiolitic melange u,* c , 
identified as such and was described and mapped either as "schist m^!? 
greywacke" series or geosYnclinal metasediments and metavolSn" 6 " 
conformably overlying the metasediments and BIF sequence. The bulk nf 
this melange unit forms a major overturned synclinal fold strikine in a 
SE direction (Fig. 1) Major thrust faults (T and T 2 , Figs. 1, 2) separate ftfe 
unit from the metasediments and associated BIF and the "Shaitian" sheared 
granite. Grey granite intruded these folded and thrusted melange rocks 
The melange unit is of, heterogeneous character being composed of 
allocnthonous oceanic and contmental fragments (chaotic fragments) 
embedded in an incompetent and pervasively sheared matrix (Fig. 1) The 
fragments vary greatly in shape and size and are randomly distributed in the 
melange matrix. In most occurrences, they are found on hillsides or hilltops 
and appear to be weathering out of the matrix. The most common fragments 
areophiohtic in composition including serpen Unites, metagabbros 
anorthosite and hornblendite; the less common fragments are sheared 
granite, metagreywackes, mudstones, quartzite, marble and hornblende 
schists. Slivers of the BIF, technically incorporated within the melange 
?? c1 Sl F e , commonl y distributed along the T, thrust (Locs. 10, 11, 12, 13; Fie 
1). This indicates tectonic mixing of the BIF slivers with the melange 
components during the T 2 thrust phase. Most of the melange fragments are 
highly sheared along their margins and show obvious transition into the 
sheared matrix. Primary svnsedimentary structures such as rhythmic, even or 
convolute, lamination and bedding, cross lamination, graded bedding and 
slumping are observed only in few sedimentary fragments. The primary 
bedding of such fragments is often oriented parallel to the mylonitic 
schistosity of the melange matrix or reoriented along local faults. 

Serpentinite fragments range from sand and pebble size to huge 
mountain size of high relief! e.g. Gabai El Maiyit (887 m a.s.I.). Large 
fragments often form isolated lenticular masses or a more or less continuous 
belt of disrupted boudins arranged parallel to the matrix foliation. The 
serpentimte fragments mostly attain a schistose habit along their outer 
margins and are sometimes traversed by veinlets of carbonates and asbestos. 
Upniolitic metagabbro fragments (locs. 1, 2 Fig. 1) are mainly found in 
tectonic contact with the large serpentinite masses or occur as individual 
blocks or in groups surrounded by a sheared matrix (Fig. 3d). A large mass 
oi disrupted and highly sheared metagabbro, associated with a talc carbonate 
matrix, crops out in the southwestern corner of the area. Fragments of 
cataclasttc granite in the form of rounded blocks or elongated slabs are often 
arranged parallel to the surrounding sheared matrix (Locs. 5, 6, 7: Fig. 3e^ 
They show a variable degree of cataclasis, from slight shearing up to strong 
mylonittzation. Isolated blocks and cobbles of metagreywackes, mudstone 
and marble are irregularly distributed within the melange matrix (Locs. 8 9 
15; Fig. 1). Quartzite forms boudinaged blocks and disrupted beds 
conformable with the matrix foliation (Loc. 14; Fig. 1). Hornblende schists 
occurs as irregular masses or folded lenticular fragments (Locs. 16, 17, 18;- 
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The BIF slivers show a characteristic porphyroclastic texture, 
consisting of magnetite and quartz porphyroclasts in a fine-grained mylonitic 
groundmass. The quartz porphyroclasts are highly stretched, strongly 
undulose in extinction and wrapped around by the mylonitic schistosity of the 
groundmass. Later recrystallization is displayed by plagioclase, calcite and 
quartz porphyroblasts. 

The melange matrix displays a well developed mylonitic foliation 
running parallel to the, two main thrust planes. It consists predominantly of 
graphite schists, talc carbonates and antigorite carbonate schists with less 
abundant slate, phyllonite and chlorite schist. These varieties are intimately 
intermixed at a millimetre scale. The matrix appears to be locally enriched 
in serpentine or graphite. 

Sheared granite ("Shaitian" granite) 

The rocks of this units form a curved elongated belt, about 16 Km 
long and about 4 km in its widest part. They are obviously intruded by grey 
ana pink granitoids (Fig. 1). The "Shaitian" granites are fine to coarse- 
grained, dull greyish in colour, and show a distinct shear structure 
conformable with the mylonitic foliation of the ophiolitic melange rocks. 
The degree of cataclasjis ranges from mildly cataclased rocks to proper 
myionites near and along the T, thrust boundary against the ophiolitic 
mlange unit. Quartz porphyroclasts usually stand out on the weathered 
surfaces of the sheared rocks and appear as elliptical pebble-like bodies, thin 
flat eyes or lenticles. The myionites are extremely fine-grained, Ieucocratic, 
vary in colour from pale greyish brown to pale buff and pale cream with a 
faint greenish tint. The mafic constituents do not occur as well defined 
crystals or grains but usually form blurred patches of a greenish colour. 



STRUCTURAL AND DEFORMATIONAL HISTORY OF THE 
TECTONOSTRATIGRAPHIC UNITS 

To elucidate the relationship between these units, the structural 
elements characteristic 1 to each unit are separately studied in detail. Table 
'(1) summarizes the results of the present observations and illustrates the 
main deformation phases and related structural features recorded in each 
unit. The different phases of deformation are recognized on the basis of 
their different styles of folds and schistosities as well as by their overprinting 
relationships. An old deformation phase (DMo) is believed to be 
responsible for the dismembering ana tectonic mixing that tookplace in 
conjunction with thrusting (but outside the study area) prior to the observed 
thrusting of the ophiolitic mlange over the metasediments and BIF unit. 

Metasediments and BIF 

Very tight closures or rootless intrafolial folds, representing the oldest 
F^ folding phase, are frequently observed within the schist and BIF bands 
(Fig. 3f). As mentioned before, the metasediments and BIF are separated 
trom the melange rocks by an old thrust (Tj) and are thrown into a steep 
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Table 1 Deformational phases and the associated structural features observed in th* 
three tectonostratigraphic units. 



Deformational 
Phases 




Metasediments and Ophiolitic "Shaitian" 

t**rf RY1* Unit m*%1r<ms«s lt _;i *». , 

as.soi.ia ieq oir unit melange unit Sheared granite 




h 


: Roo't! ess intrafolial folds DMo(?) 




s i 


: Bedding parallel schjstositv 




<//So) 






; Linear boudinage 






crenulation lineation 




Ti 


: Old thrust carried the melange rocks over 






the underlying metasediments and associated 


DM! 




BIF with formation of mylonitic zone (SMi) 


SM, 


: Mylonitic shistosity parallel to Si 




F 2 


: Macroscopic anticlinal and synclinal folds 






associated with open to closed mesoscopic 






folds; progressively converted to macro- 






scopic overturned fold with tightening of 






the mesoscopic folds; axes trending NW, fold- 






ing \ of Tj thrust. 




s 2 


: Axial plane schistosity and strain-slip 






cleavage. 


D 2 


k2 


: Mineral li neat ions, crenulation lineation, 


pencil structure, kink axes, boudinage of 






quartz veins, stretched quartz pebbles and 






oriented inclusions. 




T 2 


; Younger thrust carried the folded melange rocks and the 






metasediments over the sheared granite, with creation of 






younger mylonitic zone (SMj). 




SM 2 


; Mylonitic scxhistosity. Creation of mineral lineation and 




slickenside stria tions on the surface of the younger mylonitic 






foliation, having NW trend. 




% 


: Major open folding together with open mesoscopic folds? 






axes trending NNE; refolding of F2 folds, folding of T? 






thrust. 






: Axial plane schistosity and fracture cleavge. 




L 3 


: Kink axes. 
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overturned anticlinal fold (F, folding phase) associated with open to closed 
mesoscopic folds and folding of T, thrust. The axis of this fold trends NW-SE 
and plunges NW, F 2 folds warp S t bedding parallel schistosity and are 
. related to an axial plane schistosity and strain-slip cleavage (Fig. 3g). The 
\ major fold was overturned to the north, accompanied with refolding and 
{ tightening of the associated mesofolds. The inverted northern limb extends 
t for about 7.5 km, strikes E-W parallel to the serpentinite mass of G. El 
" Maiyit and dips toward the S at an angle of about 75* . The southwestern 
I limb extends tor about 2.5 km, strikes NNW-SSE and dips toward the SW at 
: an angle of about 65' . The northern limb was folded into a major open fold 
(F folding phase) having an axis striking NNE-SSW (Fig. 5a). This F 3 
folding phase led to the warping of the overturned northern limb and the 
related older foliations and the development of axial plane foliation, fracture 
cleavage, and conjugate kinks associated with conjugate shear fractures and 
; pygmatic folds in older quartz veins. Younger generations of quartz veins 
along the resulting conjugate shear fractures are not uncommon. The major 
: structures are frequently accompanied by different varieties of minor 
structures including complex patterns of minor folds, faults, joints, foliations 
and lineations. Most of the minor faults are not mappable, differing in scale 
from minor faults in handspecimen to mesofaults in a single exposure. 
Dragging frequently occurs along the fault planes. At the crest of the major 
anticline, the faults have NW-SE direction, while at the northern limb, they 
have NNE-SSW direction. At the southwestern limb, the faults have ENE- 
WSW direction. The mesofolds show wide variation in style, amplitude and 
orientation and are often accompanied by strain-slip cleavage. They include 
open concentric, closed or tight, symmetric and chevron folds. They vary in 
j wavelength from few millimeters to tens of meters and have variable 
j attitudes of axial planes and fold axes depending on their position within the 
! major fold and trie folding phase (F, and F 3 ) they represent. Refolding 
j phenomena is recorded among the isoclinal recumbent folds. 

! More than one trend of foliation are recorded, especially at the fold 

f hinges. The main foliation (S.) is the bedding plane parallel schistosity 
! (Si//S ) which is parallel to Iithologic layering and is regarded as the oldest 
; foliation. It is formed most likely during burial metarnorphism of the original 
sedimentary pile. At the northern limb of the major anticlinal fold, S t 
foliation strikes nearly E-W and dips about 75* S. At the southwestern limb, 
, it strikes NNW-SSE and dips about 65* SW. At the crest of the major 
j overturned anticline, S, foliation strikes differently from one place to another 
i due to the influence ot later deformations. The schists and BIF are highly 
sheared along the thrust contact with the melange rocks. Shearing led to the 
development of mylonitic foliation (SM.) parallel to the main S x foliation. 
NW-SE and NNE-SSW axial plane foliations (S 2 and S 3 , respectively) cut 
.across S l and SMj foliations and are parallel to the axial planes of F 2 and F 3 
folds. 

Various types of lineations, related to the different deformational 
phases, are recorded. Well developed boudinage structures (Lj) are 
essentially recognized in the quartzite and amphibohte bands. Quartzite and 
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Fig. 4 Generalized Hthostraiigraphic sections nf th* m .»„u' , . 

distribution of the associated BIF metasediments showing the 



Fig. 5 5a: Open flexural slip fold (F 3 ) with axial trace trending NE. Photo looking S 
5b: U crenulation hneation plunging SW along the bedding planes of SlF 
Si e southwestern limb of the major overturned anticlinal fold, 
rhoto looking NE. sc: L, pencil structure in hornblende schist at the 
southwestern limb of the major overturned anticlinal fold. Photo looking 
iNts 3d: strong preferred orientation of biotite and chlorite along S and 
s,folitations, . biotite quartz schist, P.P.L. 5e: Stratiform rhytnr 



ujiumawio, muuit; . quariz SCJllSl, t 

alternation of iron rich (1), garnet-rich 

P.P '.L. 5f: Large garnet poiphyroblast v „ ,,,,,,, !!: , ^u-uiuu.v nner: 
inclusions (Si) concordant to the external foliation (Se), P.P.L. 5g: Post-S 



ovjioi, i.i.L,. oe: oirauiorm rnytnmic 
garnet-nch (2) ,and cjuartz-rich (3) layers, 
)hyroblast (G) contains helicitically linear 



muscovite ^ms) helicitically encloses oriented inclusion of S, biotite (btj! 
P.P.L. = Plane Polarized Light C.L = Crossed Polarizers 
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amphibolite boudins elongated roughly parallel to the strike of the main S 
foliation are common. EL and L, kinking axes associated with conmeate ; 
shear fractures are present m some bands of mica schists and BIF The I 
mineral hneation is well developed and frequently observed alons th? > 
foliation planes of different types of schists and BIF. L oriented hornblende 
with or without biotite, is generally present in amphibole schists, L, mica on 
the other hand, is found mostly in mica schists, L, hematite, slipnomelane 
and muscovite are well represented in BI intervals. L, and il crenulation 
lineations are essentially observed along the bedding planes of the iron ore 
bands parallel to the axes , of R and F 2 minor folds (Fig. 5b). Some quartz 
veins which cut the S : foliation have been stretched and are broken in regular 
intervals, forming a linear aligned boudinage structure (L, boundinage 
hneation), arranged parallel to subparallel with L, mineral lineations. Pencil 
structure resulting from the intersection of S "and S, foliations is well 
developed along the southwestern limb of the major anticline (Fig. 5c), 

Microscopically, the mica schists comprise varieties of crystalloblastic 
muscovite, biotite and chlorite and include quartz and plagioclase of variable 
proportions. The amphibole schists comprise varieties of crystalloblastic 
hornblende, chlorite and actinolite and contain biotite, calcite, almandine 
garnet, epidote, plagioclase and quartz. Pre-S. primary precipitates such as 
hematite dust, cryptocrystalline quartz, ultrafme-grained magnetite and 
micntic calcite show depositional salt and pepper texture and often form 
rhythmic stratiform bands! and laminae conformable with the S, foliation 
Marbles consist mainly of calcite, tremolite and chlorite. Sillimanite and 
cordiente were recorded in subsurface samples (Ramsy, 1968). The textural 
relations between the mineral constituents of these rock varieties led to the 
recognition of seven stages of crystallization that prevailed during the 
metamorphic and deformational history of these rocks. Stage I is pre-S and 
is characterized by randomly distributed quartz, hematite dust and biotite, 
that are included in q$i$t minerals gown during subsequent stages of 
crystallization. Stage II is .demonstrated by the development of the main S 
foliation depicted by the preferred orientation of elongate crystals of chlorite 1 
muscovite, biotite, hornblende, actinolite and hematite (with quartz' 
plagioclase, garnet and calcite), (Figs, 5 d,e). Stage III comprises post-S, and 
i>Mj interkinematic stage, recognized by porphyroblastic growths of quartz 
chlorite muscovite, almandine garnet, plagioclase, epidote, hornblende 
calcite and magnetite (Figs. 5 f,g). Stage IV is characterized by the S, axiai j 
plane foliation, overprinting the S 1 foliation.. A younger generation of * 
chlorite, quartz, muscovite, biotite, hornblende and actinolite developed i 
along S 2 foliation. Stage V is represented by post-S, interkinematic mineral * 
growth, manifested by large porphyroblasts of quartz and plagioclase j 
hehcitically enclosing pre-existing minerals. Stage VI is represented by the I 
less distinct S 3 foliation delineated by reoriented S, biotite or actinolite ; 
intersecting older foliations, and/or by fracture cleavage filled with actinolite . 
(Fig. 6a)... Stage VII represents a retrogressive episode, manifested by the 
alteration of biotite and hornblende to chlorite, garnet to biotite or chlorite 
and plagioclase to kaolinite. 
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Melange unit 

The main structural elements observed in the melange unit are 
parallel to their equivalents in the metasediments and associated BIF and 
belong to F 2 and F, folding phases and T, and .T, thrusts. The bulk of this 
ophiohtic melange Torms a major overturned synclinal fold (FA with an axis 
striking m a NW-SE direction. Two main shear zones (SM., SM,) are well 
developed along the T, and T, thrust planes. • The younger SM, shear zone 
always dips 40 s toward the south, whereas the older one dips 65° toward the 
south. Minor folds, mylonitic foliations and lineations are the essential 
tectonic features observed in the melange unit. Mesoscopic tight symmetric 
and asymmetric as. well as open folds related to the NW-SE or NNE-SSW 
folds (F 2 and F 3 ) are frequently observed (Fig. 6b). Superposed structures 
are also common (Fig. 6c). The orientation of the myionitic foliation is 
general^ concordant with the S, foliation of the metasediments and BIF as a 
result ot the coincidence of these foliations with that of the thrust planes. In 
some places, SM foliation shows variable attitudes due to the effect of the 
subsequence folding. In the central part of the melange unit, SM, foliation 
strikes nearly E-W and dtps about 65° S near the older thrust (T,) and about 
40' S near the younger thrust (T 2 ). At the western part, it strikes NW-SE and 

Sr^cc? ? 5 ,° S » E * 6 t ,. th ? cas !5P P art ' U strikes N E-SW and dips about 
50V4SE. Axial plane foliations (S 2 and S 3 ) cut across the SM, and/or SM, 
foliations j- -Various types of lineations are recognized. L, kinking axis 
trending NW is the most abundant type of Hneation exhibited" in the matrix. 
Kinks form conjugate folds (Fig. 66). Siickenside lineations which indicate 
me movement of the younger thrust plane (T,) are dominantly well 
m K th ! d ^ n JS ted § ^fragments (Fig. 6e). They trend Nw and 
plunge at about 35- SE which are conformable with the siickenside 
lineations of the underlying sheared granite. Some quartz pebbles 
encountered within the matrix have been stretched, forming elongated 
inclusions arranged parallel or subparallel to the main foliation planes. 

Considering the deformational history of the sheared melange rocks 
live stages of crystallization equivalent to stages III to VII of the 

?m 2 i e 1 im v tS ?"£ ^ IF ' are / e ? or 1 de J d " sta g es sta «ed with the oldest 

SM u myIomtic foliation and include the following: Stage 1 (syn-DM ) 

^v a t n h?^l b ff- th ? domi " a , nt SM i mylonitic foliation which was accompanied 
rX3l crystallization .and/or recrystallization of quartz, chlorite, hornblende, 
tm^^^ft^P* 9 ^ ^g ^^. talc and less abundant epidote 
magnetite, biotite, muscovite and actinolite. Stage 2 comprises the mineral 

SmS^ P ,° St -?i M ^ toteridnematic stlge, displayed throuTthe 
n^i^^«wff >,rplvroblas V f quart ^' chlorite ' hornblende, tremolite, 
ES^ rt g S Det , and magnetite. Stage 3 encompasses the 
crystallizat on of hornblende and tremolite developed along the S, axial 

t ^Jf,^ (Fig. 6f). Stage 5 

is manifested by the alteration of serpentine to talc carbonate and 
plagioclase to kaolinite, that took place during the retrogressive episode 



Fig.b 




Fig. 6 6a: S 2 and S 3 biotite foliations in hornblende biotite schist, P.P.L. 6b: Tight 
m S n U t« F 2 fold in talc - arbonate an d graphite schists with axis trending 
NfflTW, western part of the ophiolitic melange unit. 6c: Tight F; fold 
with axis trending N 70' W, superposed by open F, fold, Wadi Umm Nar. 
Photo looking W. 6d: Conjugate F, folds, in talc carbonate and graphite 
schists with axes trending N 70" W, western side of Talet Umm Efin. 
Photo looking W. 6e: NW trending slickenside lineation (L,) on the 
surface of mylorutic foliation of BIF fragment. fifs Post-S, hornblende 
grows across SM. and S, schistosities, hornblende schist fragment in 
ophiolitic me lange, P.P.L/ 
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Shearedgranite ("Shaitian" granite) 

diav Thp inHii J £ thrusting event as well as open folding of F, folding 

Action. LrfnEf Ime ? tl0n . a c nd sllcken5 '^ striation, trending in a NW 
qua^ 35 ; SE Mimetic cr>-stallization of younger 

Sons The lnV^^H la S 0n , pI ?. DeS uP araIle, t0 sli ^nsides and mineral 
macrosrnniJ?^ ngated be £ ° f thls , sbeared granite is affected only bv 
SSW diSfon mCSOSCOpiC F 3 °P £n folds - ^ ax« trending in a lM- 



DISCUSSION AND CONCLUSIONS 

h ? P ^Zn,Y^ Egypt > lar § el >' occu P ied b y rocks pertaining to three 
fS , a W' c ™* viz Figure 7 sheared gfanite, metasedimem and 

Pan Afnr/n i° U1C ^ units were int ™ de d by undeformed 

acidifd vkes g ThfSEf? y ?T ger gab ? r ? S ' P ink granjtes and basfcTnd 
M*JSL^^^^^ ^ tectonostratigraphic 

2 ' V^^^^^J^ ^ T C °" eIated with "Shaitian 
° r r or w . adl .^Pait and was considered equivalent to the Prev aranitpc 

Q7< S • * \ y// ). 1116 Shaitian" granites gave whole-rock Rh-Sr *o P % 
876 Ma in their type locality at Wadi Shait faashad et a? 1972) anr? f&i 

S™. nf 'ar', v melan S e »PCks and metasediments wfre thrust over tnis° 

do not fhow ^ ^dSffl^DTa^"?^ f by W^tesVi 
any of the d-formaSon^ inPJS em P lace . m « nt . deformation related to 

fffcf^ ass ffiSS^K 




Fig. 7 Schematic diagram summarizing the structural history of the f*W^ * j*« 
° , tectonostratigraphic : (inits: , F l = rootless interfolml folds within 



metasediments and BIF unit. 
A; T t thrusting of ophilitic unit over metasediments ana tat. 

B,C: F, folding with folding of T. thrust; T 2 thrusting ^he,ophioUUe 
attuge and metasedimems witn BIF units over the "Shaman sheared 
; granite. , ': } 

D:F 3 open folding. ; 'i 
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sediments and ophiolitic melange took place somewhere else prior to 
their transportation and thrusting over the "Shaman" granite. 

3. The geosynclinal metasediments and Shadli metavolcanics, serpentinites 
and metagabbro-diorite complex of Akaad and El Ramly (1960, 1963 a) 
and EI Ramly (1972) and the Abu Ziran and Rubshi groups of AJcaad and 
Noweir (1980) are interpreted and described as Pan- African ophioHtk 
mlange (Shackleton et al., 1980) that commonly located as imbricated 
thrust sheets ("suprasfructure") thnast over the Eariy Proterozoic 
continental crust or "infrastructure" (El Gaby, 1983; El Gaby et al 1984- 
List et al„ 1989). > Several authors defined these ophiolitic rocks as 
remnants of oceanic crust obducted along distinctive plate boundaries 
^ wn°f$S X Smal !n% ea 5 basins (f-8- Frisch and Al Shanti, 1977; 

?w\i^In'i 97 , 9; ?oon n V 1979; Kem P, et *k 19S0 ' 1982 ' Shackleton, 1980; 
Shackleton et al 1980; Kronter et al., 1987; Vail, 1988). Others believed 

that these ophiolites have developed in back-arc basins (e.g. Stern 1981- 

rL^Tm^ an i d o«^ reiling ' i 9 f ; E l Gab L X « al " ^ Kroner, '1985): 
Church (1986, 1988) argued that the ophiolites of the Arabian-Nubian 
bhield constitute a single stratigraphic horizon and that their present 
distribution is controlled by first order structures and consequently they 
do not necessarily demarcate the original sites of ocean basins or suture 
boundaries. Shackleton et al. (1980), Ries et al. (1983), and Shackleton 
(1986) suggested that these melange rocks were developed initially as 
S c S i? meS ? y J rav,ty sl ^ng and subsequently thrust over continental 
gS'S f"SS s ? bduct °" S«? tfi e present southeast direction 
?hP£ V ti 9 - S3) 'u\ RamIy et al : < 1984 > and ^oner (1985) believed that 
^Cmff^^C^v^nS^ by E " W com P^sionVhile ; Shackleton e 
0)and Gre i h 5g (1987) assume a general NW-directed transport 
for the major part of the ED of Egypt. y 

The composition and structural characteristics of the melanee 
components of the study area and their relation with the surround no 

%£5&T£^ " S , haitian " granite > emphasize to dis- 

£ the fo^S m LT I 2 g f and ^ ans P° r f tati e n are the essential processes 
t . t0 / matI0n and deformation of these melange components 
ln£ZST V V 15 T de ? 1 ^ r tf« Afferent varieties of LjoVand S r 
^^r\ (thr ^ Stmg 'i hearin S; *? Idin S slickensides, and mineral linea ion 
etc ). Shckenside and mineral lineatlon along the youngest thrust plane 
^indicate that the last tectonic movement in the study WwTs tothe 

4 ' Sd^^l^cl! 11 ! 61118 ° f l !3 e BIF host / ock s were most probably sandy 
HmestoSow "SSS^ ^stones sandstones limestone and magnesian 
3SS^f^^.^ e ^P hfat and low ampftbolite 
SlT^eJdi^^ ^ lC Y^ am P£?>ole schists, quartzites and 
SffoUowinP 1 S! n ^ZuI^ n ? f i he a ?P hib pie schists isWdent from 
1991) Si "low r?°?? ini + ca / I cS haracters of these rocks (El Manawi, 
(<\\ \ RH ,° w Cr COn tent (50 ppm in average); low TiO content 
(0.3-1.0%); mgn silica content (up to %%) and theVarcity of otic™™ 
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elements such as Ba, Ni, La, Ce, Nd, Sc Co and V7 ? *h» u aa a 
of these rocks m^^J^S^^^ 

amphibole minerals, micas, quartz and calcite; andTIe ^absen^Tr^ 
of igneous textures or exsolution patterns. The Uthofedie fSSrfSiJS f 
the metasedimpnK anH ptc r.„A *u • ""lowcies association of 

hmterlands and transported into the basin of deposition TswSdimSniw 
fabrics and nunera] assemblages of the UmmWr BIF surest 
precipitation as rhythmic alternations of ferruginous and cSousTale^ 
and hurt?^^ d ah ? S ei . that . were later recrystaliized SSffi 

paleoenvironmental conditions of the upper zone of Ih^^mS? 
succession. The pebbly varieties may indicate deposition^ a ThS 

£3L^££ V 6 C(?ntm , ent ' Whereas < he iron - rich W scSme^te may 
indicate deposmon in a deeper zone away from the continent During 

Pan-Afncan tectonic event and prior to the intrusion of g?ey granites* Se 

ri^ 1 ?^ 5 *^* and . BIF were ^onically oveldn by the 
mlange rocks and these two units were in turn thrust over the "Shaitian"' 

5 ' t^eVlPhnTr^S? dCgree of u metam orphism and tectonic setting of 
IS ci °£ l raetasedi ments can be correlated with the shelf denn^.'K nf 

E^pIT T T [C (?) ^ re ^African ^Sff^SFT^ 
^cmJ^r^tnT H e pre ^African rock assemblages of he 
Eastern Desert extends underneath the Late Proterozoic nnhiniilS 
mlange rocks and the associated island arc assemblages ™d croD P out n 

Ubi oaby et ai. 1988; Greilmg et al, 1988); they include medium to hiehlv 
metamorphosed conunenta) shelf fades, migmatites anc I eranite j that 
were deformed and diaphthoried during the pLXcL ^gfnT 

6. It was generally assumed that all the BIFs of the Egyptian Eastern Desert 

wacKe-ncn sections or island arc association and thev are thm nf 

SphSS?* ° ngin - ^ PT 0t be acce P ted for the Sed Umm Nar 
BIF ,mce the present work showed that the iron bands of his area are 
closely associated with pre Pan-African shallow matul to semimature 

Sff S ?t«f - ^ S0 '. ttie fcond ^°n of Sabet et al. (1976) and BGabv 
etal. (1988) considering the Umm Nar BIF as a lansidonal foriS 

^h-H n ^ C F s °( the northera ^ rt of th * CED andUhe base met a 
sulphides in the southern part of CEd, is not accepted since ' it can be^ly 

1 ■ j 
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applied to the ores associated with the Pan-African island arc 
assemblages. 

7. According to the present conclusions, the Egyptian Precambrian BIFs 
can be preliminary reclassified into two main genetic types of different 
ages: 1. Early (?) Proterozoic BIF of pre Pan-African shelf 
environment, represented by the studied Umm Nar occurrence and 2. 
Late Proterozoic BIF of Pan-African island arc environment, 
represented by some other occurrences, e.g. G. El Hadid, W. Karim 
and El Dabah. 
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